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By commencing in 1872 the first three ten-year periods would be even more eloquent of a progressive drying-up of the country-112, 99, 94 per cent. of the average.
Dividing the whole into eight groups of five years each, we have the means-102, 112, 110, 95, 93, 98, 92, 98 per cent. of the average, and dividing it into ten periods of four years each, we have the successive figures-92, 115, 113, 111, 93, 95'5, 95'5, 93'5, 101, 93 according as the first year or the last year is omitted to make the series complete.
Viewed in all these various groupings, the very high rainfalls of the years from 1872 to 1886 appear to be abnormal features, following a succession of years with much lower rainfall, and followed in turn by a succession of years with lower rainfall. Trustworthy records do not go far enough back to enable us to judge whether a recurrenoe of a long series of wet years is to be expected in the early future; but they are sufficient to show that the diminution of rainfall is not progressive, but that even the three-year groups tend to recur in a succession of one wet followed by two dry, suggesting a nine-year period superimposed on the three-year period.
The four periods of nine years each from 1870 to 1905 have the mean values 108, 102, 94, 97 per cent. of the average, showing a distinct recovery from the lowest values, and suggesting that the following nine-year period might rise above the average again. In any case, we can see no reason for supposing that there is a progressive diminution of annual rainfall, though a comparatively dry spell has succeeded a comparatively wet spell.
NOTE ON RAINFALL AND STREAM-FLOW STATISTICS.
ByWI,T.TAM GORE, Assoc. M. Inst. C.E., and D. HALTON THOMSON, B.A. THE flow of rivers and streams, and the manner in which it is related to rainfall, are subjects to which much consideratiou has been given, especially in con~ection with water-supply and allied purposes. The authors have been making further investigations into the matter primarily from this point of view, but some of the results accruing therefrom and set forth below have, they believe, a more general scientific interest.
The amounts of rainfall and of water consequently discharged by a stream vary enormously, not only from one season to another, but also from one year to another.
Like all meteorological phenomena, they' are the result of such a complexity of causes that to predict either of them during a comparatively short definite period is at present impossible. The occurrence of a discharge or fall of given magnitude at any time is then a chance event. An attempt, therefore, has been made to apply the mathematical theory of chance to stream-flow and rainfall records, and it has been found that quite definite information may thus be obtained as to the general character of such observations, even though they cover a more or less short period.
The two most important points in statistics of this kind to be determined are the maximum and minimum probable occurrences. Now, the given observations must of necessity be limited in number, and it is obvious that at some future time By commencing in 1872 the first three ten-year periods would be even more eloquent of a progressive drying-up of the country-112, 99, 94 per cent. of the average.
Viewed in all these various groupings, the very high rainfalls of the years from 1872 to 1886 appear to be abnormal features, following a succession of years with much lower rainfall, and followed in turn by a succession of years with lower rainfall. Trustworthy records do not go far enough back to enable us to judge whether a recurrenoe of a long series of wet years is to be expected in the early future; but they are sufficient to show that the diminution of rainfall is not progressive, but that even the three-year groups tend to recur in a succession of one wet followed by two dry, suggesting a nine-year period superimposed on the THE flow of rivers and streams, and the manner in which it is related to rainfall, are subjects to which much consideratiou has been given, especially in con~ection with water-supply and allied purposes. The authors have been making further investigations into the matter primarily from this point of view, but some of the results accruing therefrom and set forth below have, they believe, a more general scientific interest.
The two most important points in statistics of this kind to be determined are the maximum and minimum probable occurrences. Now, the given observations must of necessity be limited in number, and it is obvious that at some future time the recorded maximum may be exceeded and the minimum reduced. From a mere inspection of the figures it is impossible to make a sound estimate of this probable excess or deficit. The problem is, therefore, to find some means of extending the information at hand beyond its experimental limits, and so to determine the amount by which the extreme records may be broken and the probability of the occurrence.
If it is possible to discover the law of probability which has held in the past, it may be emlloyed with some degree of confidence to predict events of the future.
To this end the data was arranged in the forml of " frequency curves." Thus, Fig. 1 refers to the annual rainfall at Greenwich, the record extending over 67 years.* The points plotted are for every consecutive twelve months' rainfall, advancing by steps of one month-the first record from January to December, the next from February to the following January, and so on, thus giving 793 observations. The horizontal line is a scale in which the mean annual rainfall of the 67 years is unity. The number of cases in which the amount of rainfall was between 0'8 and 0'9 of the mean is plotted vertically above 0'85. Similarly, the number of cases in which the amount lies between 0'9 and the mean is plotted over 0'95, and so on. In this way the points indicated by the small circles were obtained, the vertical scale being arranged to give the average number of annual returns per century occurring between differences of 10 per cent. of the mean annual rainfall.
In Fig. 2 the daily gaugings of the River Severn,t maintained for ten years at Worcester, are plotted (3652 observations). The unit of the horizontal scale is the mean daily discharge, and the vertical scale gives the average number of daily records per annum occurring between differences of 10 per cent. of the mean. 
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The origin is at the "median," this being the vertical line which divides the area between the curve and the horizontal scale into two equal parts. The height ^Nw of this vertical is equal to -,' . y is the frequency, or number of records out of a total N that occur in a vertical strip of width (difference) w. In the above examples it has been assumed that w = '1 of the mean. x is the magnitude of the records measured from the * median, a negative sign being applied to those below the median; A indicates the theoretical minimum observation; B the theoretical maximum observation; C represents the "divergency" of the observations. The value of r = 3*1416, and of e = 2'718. The curves Figs'. 1 to 3 have been plotted from the equation for y, the values of the constants A, B, and C, which best enable the curves to fit the observation points, having been determined. These values are tabulated with the diagrams.
The exact method to be adopted in fitting the curves to the observations is still under consideration, as further investigations must be made to determine the proper " weight" to be given to observations in different parts of the curve.
In order to be in a position to appreciate the utility of the curves and the meaning of the constants, it is necessary to understand some of the general properties of frequency curves. The area included between the curve and the horizontal axis is equal to the total number of observations. Now, if a vertical line be drawn at any point in the curve, it will divide the area into two parts, one representing the number of observations whose magnitudes are greater than that at the chosen point, the other representing the number of lesser observations. Hence the probability of an observation occurring above the given point is measured by the ratio of the upper area to the whole area. Similarly, the probability of the occurrence of a smaller observation is given by the ratio of the lower area to the whole area. An example will make this clear.
In the case of the Greenwich annual rainfall (Fig. 1) , the horizontal and vertical scales are such that the total area under the curve represents the annual records of 100 years. Suppose it is required to know the probability of the annual rainfall exceeding 1*2 of the mean. The area under the curve above this point on the diagram is equal to 13 years. Thus the probability is g, or 13 years in a century. The complementary area below this point is 87 years, hence the probability of a smaller annual rainfall is xQ. It should be noted that at the median-being the point which divides the area into two equal parts-the chances of an observation occurring on either side thereof are equal.
A point of some interest is brought out' by these curves, which, though familiar to statisticians, is not generally well recognized, viz. the mean value of a set of statistics is not necessarily that which occurs most frequently. For instance, the curve for the river Severn (Fig. 2) shows that observations near the mean occur on an average 13 times per annum, while the most frequent value which is at the peak of the curve (the "mode," as it is called) is only 0'27 of the mean, and occurs about 61 times per annum. Further, the median always lies between the mode and the mean, unless the curve is symmetrical, as occurs in some types of statistics, when of course these three ordinates coincide.
It is to be remarked that the curves are based on the observations, and that for the best fit they must extend both above and below the recorded maxima and minima. The curves, therefore, may be utilized to ascertain the probability of events taking place beyond the limits of observation. The fact that the curves are shown to pass far beyond the experimental extremes does not necessarily denote the appreciable probability of a very large or small event, but merely the possibility of the occurrence. For, as explained above, probability is measured by the area under the curve, and from a glance at the diagrams, it is evident that this area towards the upper limit of the curves is negligibly small.
With the aid of the equation established for a particular record, it is a comparatively easy matter to calculate for any assumed probability the corresponding magnitude of the observation. For example, in the case of the Connecticut river the upper limit of the curve is 43'9 of the mean; but from the equation it is found that the maximum discharge likely to occur on an average once in a century is only 9'87 times the mean, and that in 1000 years is L1'2 times the mean. Thus a very large increase in the period of time taken into consideration has but a comparatively small effect on the probable maximum. The maximum that occurred in the 20 years during which the observations were taken is 8'78 of the mean. Similarly for the Greenwich rainfall the maximum annual rainfall likely to occur in a hundred consecutive years is about 1'50 of the mean.
The lower limit of the curves is much more defined, especially in the cases of the two stream-flow curves; indeed, the lower end might with small error be assumed the practical limit. The extreme steepness of the lower limb of the curves seems to point to some force in Nature which prevents the discharge from falling below a very marked minimum. This must obviously depend on the minimum rainfall, and it has already been pointed out that this all the world over shows an extraordinary, though at present inexplicable, agreement.* The Greenwich rainfall curve is not so skewed; a record at or below 0'71 of the mean would occur once in a century (in 1864 the record fell below this value), and the lower limit of the curve is 0'57 of the mean.
The three cases have been described above merely to serve as examples of a convenient and scientific method of comparing the character of rainfall records or stream gaugings. Thus, the Connecticut river, by its greater values of A and B, is shown to be subject to greater fluctuations, both in flood and in drought, than the river Severn; but its smaller value of C indicates a more general uniform distribution of its flow than that of the latter. These curves are also a means of determining the relation of the discharge of a river to the rainfall on its drainage area. It is significant to note that the same equation may be employed to fit curves both to rainfall and stream-flow statistics, whether for short or long periods. In the case of the Greenwich rainfall the frequency curve for only one period -a year-has been treated, but the investigation may equally well be extended to curves for other periodsdaily, weekly, monthly, two-monthly, two-yearly, three-yearly records, and so onthe relations of their constants in the equation determined, and possibly a general law for that particular gauge obtained. An examination of river gaugings in a similar manner will probably yield some valuable results. The application of the law of chance to these phenomena opens up a fresh field of inqc;ry, and it is in this direction that the authors anticipate a rational development of this inteo resting subject.
After the paper, Dr. STnAHAN : In reply to a question that has been raised, I may say that we hope to get an estimate of the amount of material which is brought down in suspension by the Exe, not only by examining samples of the water, but also by data furnished by the City Surveyor of Exeter. There are two weirs, and between the two the water has to be kept year after year at a constant depth. This has been accomplished by dredging, and, as the amount dred?ed is known, we have here an accurate measurement of the amount of material rolled along the bottom of the river. It only remains for me to regret, on behalf of some of our volunteers, that they are unable to be present to-day, and tt read, themselves, their reports on the various branches of the work which they have undertaken.
Dr. OWENS: With reference to the effect of suspended matter on the density of the water, it occurred to me that if it raised the density it must increase the eroding power of a current on the bottom. I made some experiments with muddy water, and found a very marked effect. Taking the specific gravity with a * Sir Alex. Binnie, Proc. Inst. Civil Engineers, vol. 109, p. 110; vol. 155, p. 340 . THE ALPS IN THE GLACIAL PERIOD.  THE ALPS IN THE GLACIAL PERIOD. hydrometer, I found that water which gave a specific gravity of 1'0 when clear, gave 1'1 when very muddy.
I then tried the effect of shaking up very fine sand in water in a tall glass, and measuring the specific gravity while the sand was settling; in this it rose above 1'15, and gradually sank to 1'0 as the water cleared. It seems to me that this must have a profound effect on the eroding power of a current carrying sand in suspension.
I worked out the theoretical effect, and found that a current of water having a specific gravity of 1'15 would at 4 feet per second move a stone twice the weight which a similar current of pure water colld move. The diameter of stone which a current can move varies directly as the density of the water and inversely as the density of the stone minus that of the water; hence the effect of increasing the density[of the water is very marked. It struck me, also, that it might explain why the more heavily charged with suspended matter water is the slower such matter subsides, as it is equivalent to settling in a liquid of higher specific gravity. Dr. STRAHAN : Our difficulty so far has been we cannot find a weighable quantity of sediment in the water in the ordinary condition of the river. The general conclusion I have come to so far is, that, as regards erosion, the rivers are inactive for the greater part of the year. Of course, they are carrying matter in solution, but matter in suspension is simply negligible. During the short period of a flood the river is extremely active, but then for a long period erosion practically ceases. I trust it will be the view of the Department that the inquiry is proceeding as satisfactorily as may be. More help is wanted in various directions; for example, in the measurement of velocities and other observations, and in the collecting of samples of water. Everything is prepared, and it only remains to find volunteers who are able to make observations with sufficient accuracy, and are willing to take Tile completion of a comprehensive monograph on the Alps in the Glacial Period by Penck and Bruckner affords opportunity for a summary of the results presented as seen from various points of view, and each point of view suggests material enough for an extended essay. Historically considered, the work must give eucouragement to every scientist, because of the enormous progress that it shows since the first suggestion was made concerning ancient glaciation, not a century ago; indeed, only about four times as long ago as the beginning of this work. It is truly stimulating to read how our understanding of unseen processes in the geological past and of visible forms in the geographical present has been advanced from the stage of vague surmises to that of strongly supported conclusions in the short period covered by three generations of observers. The general hypothesis of Alpine glaciation, apparently so preposterous when first proposed by Charpentier and Agassiz as to receive ridicule even from men of science, and truly as venturesome an idea as any that geology has brought forth, had already been far advanced by the collection and discussion of a great mass of peculiar and consistent evidence, when Penck and Bruckner began their monograph. To the facts then gained they have added many new ones; to the earlier interpretation of the facts they have hydrometer, I found that water which gave a specific gravity of 1'0 when clear, gave 1'1 when very muddy.
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